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SECTION I 

INTRODUCTION 

This investigation was conducted to determine if pellets of PB-RDX 
explosive could be initiated directly by the M46 Stab Detonator. 

Usually PB-RDX,  a relatively insensitive secondary explosive,  is 
not used in applications where it is required to be initiated directly by a 
detonator.    By employing the proper design techniques and utilizing a 
detonator which has sufficient output,  a system for directly initiating 
PB-RDX pellets would be feasible. 

Recently,  a proposal was made for the development of a helicopter 
landing device utilizing certain existing hardware.    Combining the fuze 
and main charge by simple logical means would create a system wherein 
the M46 Detonator would be required to initiate PB-RDX pellets directly. 
Prior to proceeding with the development,  a program was initiated to 
determine the feasibility of using the M46 Detonator to initiate a PB--RDX 
pellet. 

In the series of tests conducted,   restrictions were imposed upon 
the system consisting of barriers (air gaps,   stainless steel and brass 
strips),   extreme cold temperature (-650F), and reduced detonator con- 
finement.    The results of these tests are contained in this report. 
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SECTION 11 

SUMMARY 

The M46 Stab Detonator was used to initiate PB-RDX pellets under 
varied test conditions. 

Tests were conducted at ambient temperature with the M46 Detonator 
in direct contact with the PB-RDX pellet and with air gaps of up to 0.2 inch 
or barriers of up to 0.010 inch-thick stainless steel.    There was no failure 
of the detonator to initiate the PB-RDX pellet in these tests.    However, 
when an air gap of 0,4 inch or a barrier of 0o036 inch-thick brass was in 
troduced into the system failures were produced in several instances. 

Similar tests were conducted at -65  F.    In these tests, no failure of 
the detonator to initiate the pellet was observed when the detonator was in 
direct contact withthe pellet.    However, when an air gap of 0C2 inch was 
introduced between the detonator and pellet,  failure was observed. 
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SECTION III 

CONCLUSION 

It is feasible to directly initiate PB-RDX pellets using the M46 Stab 
Detonator. 

SECTION IV 

RECOMMENDATIONS 

1.    Work should be continued on the proposed helicopter landing device 
with the approach of using the M46 Stab Detonator to initiate PB-RDX 
pellets. 

2.    The final design should be subjected to an environmental and 
reliability test program. 



SECTION V 

STUDY 

Tests were conducted to determine if the M46 Stab Detonator (Figure 1) 
could initiate a PB-RDX pellet (Figure 2) under a variety of conditions.    The 
test results are summarized in Table 1. 

Detailed results of the entire test series are recorded in Tables 1-10. 
These results are discussed further in the following. 

A test group of Z6 each M46 Stab Detonators were placed in direct 
contact with PB-RDX pellets (Figure 3a).    In the test^the detonators were re- 
quired to initiate the PB-RDX pellets directly.    To prevent pitting within 
the dent made m steel plate by the detonation of the PB-RDX explosive,  a 
thin film of vaseline petroleum jelly was placed between the pellet and plate 
as per MIL-STD-316.    A description of the materials used is given in 
Appendix C.    The detonators were fired by dropping a. two-ounce steel ball 
from a height of 13 inches onto the firing pin.    A steel dent test was used to 
determine output of the PB--RDX pellet.    A Starret depth gauge with stand as 
per MIL--STD--316 was used to measure the dent formed in the steel plate. 
Values are recorded in Table 2.    The average depth of indentation; as re- 
corded in the table, is 0.058 inch.    Based on experience this is considered 
indicative of a high order detonation.    The results obtained were encouraging 
since no  failure was encountered even though the confinement afforded the 
detonators by the polyethylene fixtures (Figure 4) was less than, that planned 
for it in the end item,   the M607 Mine fuze (Figure 5). 

Using a set-up as in Figure 3a.  ten each M46 Stab Detonators and 
PB-RDX pellets were tested at -65  F.    The indentations made in steel plate 
are recorded in Table 3.    As shown in the table, the average dent, obtained 
was 0.042 inch.    This value was considerably lower than the 0.058 inch 
obtained m the previous test.    It was observed that the vaseline perroleum 
jelly located between the pellet and the steel plate had vardened at -•650F, 
thereby creating a barrier between the pellet and steel plate.    This vaseline 
barrier attenuated the pellet output,   produci'ig    the relatively small indenta- 
tions.    To determine the validity of this explanation,   a control test was 
conducted in. which the only change made was to omit the vaseline coat?ng. 
The results are also reported in Table 3.    The average dent produced was 
0.053 inch,    This dent, is appreciably different from 0.042 inch obtained 
with the vaseline at -650F and seems to confirm the above reasoring.    The 
results show that the M46 Detonator is capable of effecting inUahor of 
PB-RDX when subjected to extreme cold temperature.    It should be noted 
that the detonator confinement used in this test,  as in the previous test,  was 
only a thin polyethylene  sleeve. 



To create a more difficult task for the detonators, they were separated 
from the pellets by air gaps of 0, 200 ±0. 009 inch (except in two cases,  i.e., 
0,273 and 0.313 inch).    The loaded fixture (Figure 3b) was tested in the 
apparatus shown in Figure 3a.    The detonators were held in place by an epoxy 
adhesive, Hysol 2038 using Hardner C, No,  3475,  described in Appendix C, 
Before conducting these tests,  an investigation was conducted to ascertain 
if the adhesive had sufficient strength to hold the detonator in position.    This 
was necessary to assure that the detonator was not pushed down on top of the 
pellet (thereby reducing the size of or eliminating the air gaps completely) 
when the stab pin was struck by the ball.    Five plugs (cut from 1/4-inch 
aluminum rod to the size of the M.46 Detonator) were substituted for the det- 
onators and placed in the apparatus in Figure 3b,    Measurements of air gaps 
before and after ball drop were made and are recorded in Table 4.    A 
comparison of the average air gap before and after ball drop indicated that 
the epoxy adhesive had sufficient strength to reliably hold the detonator in 
place. 

In the 0.2-inch air gap test at ambient temperature, the indentations 
made in steel plate by the PB-RDX pellets are recorded in Table 5.    A com- 
parison of the average indentation produced with the detonator directly on the 
pellet (0.058 inch) and with the detonator separated by a 0.2-inch air gap 
(0. 059-inch),   showed there was no apparart change in pellet output due to 
imposition of this air gap. 

However,  in one of these tests the detonator was not initiated.    There 
are several possible explanations accounting for this occurrence.    First, it 
is possible that the steel, ball used in the drop test did not strike the stab pm 
squarely,  thereby transfering an insufficient, quar.t.ity of impact energy to tl e 
detonator.    A second explanation is based upon the contention that an excess 
of epoxy adhesive hardened, above the detonator and had sufficient strength to 
prevent, the stab pin. from penetrating into the detonator.    Examination, of the 
detonator and test apparatus indicated that the former expanation was appli- 
cable.    No adhesive was observed above the detonator but it was noticed that 
a bolt holding the steel pipe in which the steel ball was dropped (Figure  3a). 
had loosened.    The pipe was tilted a* an angle indicating the ball did not strike 
the stab pin squarely.    The bolt was tightened and the pipe realigned.    The 
set--up was examined before each successive test to prevent, any future 
recurrence. 

The test was repeated at ~650F using an air gap of about, 0.2 inch 
between the detonator and pellet.    The results of this test are recorded in 
Table 6.    The average depth of indentation in steel plate was 0.052 inch. 
This value agrees with that obtained in the control rest conducted if  ••650F 
with r.o air gap imposed between, the detor.a.tcr and pellet.    Just as in the 

-5. 



control test, vaseline was not used between the pellet and steel plate.    Thus, 
the result obtained, further substantiated the opinion that at a cold tempera- 
ture the vaseline hardened forming an attenuating barrier between the pellet 
and steel plate. 

In the next test,  the pellets were separated still farther from the 
detonator by air gaps of 0.399 to 0.031 inch.    In 11 of the 14 tests,  the pellets 
were successfully initiated.    The results are recorded m Table 7.    It is 
considered that the failures are due to the presence of the relatively large air 
gaps employed in these tests.    As the conditions imposed upon the system 
become more severe,  the chance of failure increases.   It is apparent from 
the results that 0.319-inch air gap far exceeds the air gap over which 
PB-RDX can be reliably initiated by the M46 Detonator. 

Figure 3c shows the loaded fixture for determining the affect of metal 
barriers on the probability of initiating PB-RDX by the M46 Stab Detonator. 
The test results are recorded in Tables 8-10,    The average indentations ob- 
tained in these tests ranged from 0.064 to 0.066 inch.    The value obtained m 
the tests with the detonator in direct, contact with the pellet,  was 0.055 inch. 

The increased average dent was attributed to the presence of the metal 
barrier between the detonator and pellet.    Several theoretical explanations 
accounting for this phenomenon are available.    However,  deterrnjmn.g the 

validity of these would necessitate further investigative effort wH ch the 
authors believe is beyond the scope of th.:;.s task. 

As seen from the tables,   only the 0.036 inch "thick brass strip (in   3 out 
of 10 tests) attenuated the detonator output sufficiently to prevent pellet 
initiation.    These failures were not. unusual since the barrier thickness was 
large.    The output of the detonator was attenuated to a value which produced 
a detonation rate near the critical value for the explosive.    Being in a critical 
region,  failures were to be expected. 

The tests described above were conducted over a wide range of rather 
severe conditions.    This was necessary to determine r.ot only the feasibility 
of initiating PB-RDX pellets using the M46 Detonator, but also to obtain some 
information concerning the hmitatiops under which this could be effected. 
The findings of these tests indicated that there is a range of design corditjons 
under which, reliable functioning may be obtained.    Since i1" is expected flat  'he 
intended end item design will be within this range, -ji :: s suggested that work 
be initiated on application of an M46 Detonator PB-RDX sysfem in the neh- 
copter landing device. 
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TABLE II 

INITIATION OF PB-RDX PELLETS USING THE M46 STAB DETONATOR 
AT AMBIENT TEMPKRATURE 

Test Number Depth of Indentation in Steel Plate 
(inches) 

1 0.062 
2 0.066 
3 ' 0.058 
4 0.065 
5 0.062 
6 0.061 
7 0.055 
8 0.057 
9 0.051 

10 0.058 
11 0.058 
12 0.062 
13 0.060 

14 0.059 
15 0.059 
16 0.059 
17 0.060 

18 0.059 
19 0.055 
20 0.060 
21 0,057 
22 0.056 
23 0.053 
24 0.057 
25 0.048 
26 0.052 
Avg 0.058 
Max 0.066 
Min 0.048 

Note:   Test set up is shown in Figure 3a. 
The detonator was initiated by a two- 
ounce steel ball dropped 13 inches 
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TABLE III 

INITIATION OF PB-RDX PELLETS BY THE M46 STAB DETONATOR 
AT -650F 

Test Number 

5 

6 

7 

8 

9 

10 

Avg 

Max 

Min 

Depth of Indentation in 
Steel Plate (inches) 

0.040 

0.044 

0.038 

0.040 

0.041 

0.043 

0.042 

0.038 

0.042 

0.042 

0.042 

0.044 

0.0 38 

Control Test 
Number ::; 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Depth of Indentation 
in Steel Plate (inches 

0.055 

0 .054 

0 .056 

0 .053 

0 .055 

0 .054 

0 056 

0 049 

0. 051 

0. 050 

0. 053 

0. 056 

0. 049 

Note:   Test set up is shown in Figure 3a 
;';No vaseline was used to hold pellet on steel plate. 
The detonator was initiated by a two-ounce steel ball 
dropped 13 inches. 



TABLE IV 

QUALITATIVE INDICATION OF EPOXY ADHESIVE 1 STRENGTH 
UNDER IMPACT^ 

Number Air Gap Before Air Gap After 
Tested Impact (inches) Impact (inches) 

1 0.207 0.207 

2 0.199 0.199 

3 0.202 0.201 

4 0.209 0.210 

5 0.204 0.204 

Avg                   0.204                           Avg             0.204 

Note:   Test set-up shown in Figure 3b. 
Aluminum rods,  equal dimentionally to the M46 Stab 
Detonator, were used in place of the detonators. 
PB-RDX pellets were not used in this test. 

1, Hysol epoxy adhesive,  No.  2038, using Hardener C, No.  3475. 
2, A two-ounce steel ball was dropped 13 inches onto the stab pin. 
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TABLE V 

INITIATION OF PB-RDX PELLETS USING THE M46 STAB DETONATOR 
ACROSS AIR GAPS AT 70oF 

Test Air Gap Depth of Indentation in 
Number (inches) Steel Plate (inches) 

1 0.206 0.061 

2 0.203 0.057 

3 0.207 0.058 

4 0.208 0.055 

5,                                                        0.199 0.065 

6 0.206 0.059 

7 0.209 0.061 

8 0.273 0.058 

9 0.202 0.061 

10 0.206 0.058 

11 0.313 0.061 

12 0.209 * 

Avg                                                    0.219 0.059 

Max                                                      0.313 0.065 

Min                                                    0.199 0.055 

Note:   The test set up is shown in Figure 3b. 
*The M46 Stab Detonator did not fire. 
The detonator was initiated by a two-ounce steel ball 
dropped 13 inches. 
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TABLE VI 

INITIATION OF PB-RDX PELLETS USING THE M46 STAB DETONATOR 
THROUGH AIR GAPS AT -650F 

Depth of Indentation in 
Test   Number Air Gap (inches Steel Plate (inches) 

1 0.201 0.051 

I 0.205 0.048 

3 0.199 * 

4 0.203 0.053 

5 0.207 0.050 

6 0.201 0.048 

7 0.706 0.054 

8 0.205 0.051 

9 0.207 0.053 

10 0.204 0.055 

11 0.205 0.054 

Avg 0.204 0.052 

Max 0.207 0.055 

Min 0.048 0.048 

Note:   The test set up is shown in Figure 3b. 
-The PB-RDX pellet failed to detonate. 
The detonators were initiated by a two- 
ounce steel ball dropped 13 inches. 
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TABLE VII 

INITIATION OF PB-RDX PELLETS USING THE M46 STAB DETONATOR 
THROUGH AIR GAPS AT 70oF 

Test Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Avg 

Max 

Min 

Air Gap (inches) 

0.380 

0 .392 

0 .391 

0 .389 

0 .395 

0 .371 

0 399 

0 377 

0 383 

0. 370 

0. 369 

0. 368 

0. 394 

0. 399 

0. 384 

0. 399 

0. 368 

Depth of Indentation in 
Steel Plate (inches) 

0.058 

0.053 

0.055 

0.057 

0.059 

0.053 

0.053 

0.059 

0.060 

0.057 

0.059 

0.056 

0.060 

0.053 

Note:   The test set up is shown in Figure 3b. 
*The PB-RDX pellets failed to detonate. 
The detonators were initiated by a two-ounce steel ball dropped 13 inches, 
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TABLE VIII 

INITIATION OF PB-RDX PELLETS USING THE M46 STAB DETONATOR 
THROUGH A 0.005 INCH-THICK STAINLESS STEEL 

BARRIER AT 70oF 

Test Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Avg 

Max 

Min 

Depth of Indentation in 
Steel Plate (inches) 

0.068 

0.061 

0.067 

0.063 

0.064 

0.064 

0.064 

0.061 

0.066 

0.061 

0.064 

0.068 

0.061 

Note:    Test set up is shown in Figure 3c. 
The detonators were initiated by a two- 
ounce steel ball dropped 13 inches. 
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TABLE IX 

INITIATION OF PB-RDX PELLETS BY THE M46 STAB DETONATOR 
THROUGH A 0.010 INCH-THICK STAINLESS STEEL 

BARRIER AT 70oF 

Test Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Avg 

Max 

Min 

Depth of Indentation in 
Steel Plate (inches) 

0.063 

0.063 

0.060 

0.067 

0.068 

0.065 

0.065 

0.055 

0.065 

0.068 

0.064 

0.068 

0.060 

Note:   Test set up is shown in Figure 3c. 
The detonators were initiated by a two- 
ounce steel ball dropped 13 inches. 
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TABLE X 

INITIATION OF PB-RDX PELLETS BY THE M46 STAB DETONATOR 
THROUGH A 0.036 INCH BRASS BARRIER 

AT 70oF 

Test Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Avg 

Max 

Min 

Depth of Indentation in 
Steel Plate (inches) 

0.064 

0.065 

■v 

0.065 

0.065 

0.059 

0.070 

0.072 

0.066 

0.072 

0.059 

Note:   Test set up is shown in Figure 3c. 
"PB-RDX pellets failed to detonate. 
The detonators were initiated by a two- 
ounce steel ball dropped 13 inches. 
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DESCRIPTION OF MATERIALS 

1. M46 Stab Detonator - Drawing No. 8797793 in Figure 1. 
2. PB-RDX Pellets - Drawing No. XP113188 in Figure 2. 
3. Polyethylene Fixture - Drawing in Figure 4. 
4. Stab Pin - Drawing in Figure 6, 
5. Steel Plate: 

Length 1.0 inch 

Width 1.0 inch 

Height 0. 5 inch 

Specification QQ-S-635 

Type Steel FF1020 

Rockwell Hardness B70-B95 

6. Steel Ball: 

Weight 2 ounces 

Diameter 0. 9 inch 

Height above Stab Pin 13 inches 

7. Hysol 2038 Epoxy Adhesive Using Hardener C, No.  3475: 

Manufactured by - Hysol Corporation, Olean,  New York 

Tensile-Shear Strength for aluminum to aluminum bonding 
after cure at 70° F   - • 1,820 psi 
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an air gap of 0.2 inch was introduced between 
the detonator and pellet, failure was observed. 

UNITERMS 

Initiation 
Explosive 
Pellets 
Detonator 
Stab 
M46 
Shainheit, L. 
Wagner, R.   L. 

-26- 



TABLE OF DISTRIBUTION 



< ;_ 
►-. 

h Q 
>. •~^ t^ 

'C 
U, •^ 
0 ;/; C   -.r 

c/r: 

W 5 
X 

O 

C 

~. c 

X   u; 

y 

C 

t £ 

/ 

0-; 

/   ''    '.; 



CO r-. w . -' 
•t 'T' "^   _^' 
—| s jj 
C 
X ,-) 

""§   ?f 

a r^; r. 
u. U- **. 
x 
d •Z . - 
< < H --     _j 

—" / ■r  "3 
y. y. -' ^    - 
D L- .S     'T ^J 

^       V x; _~ .£ s "; -^ > '3    '- 
= p 0 ,-Y 

"w 

b 
U 

k. C   « ^1 ►-1 d ^ c J^ 0 rt   C 
0 

y. "J 

'c 
a. 

7] 
c J 

ö o 
c 

™ 
"5 o 

"   <; 4W ■ Z La . X 
u   X   ij   lr" 

^c -5 -5 '5   2   ^ 

&„* '" 
CJ   o   ^ 

'•-^  -  J-   s 

>   c   -   ^ -=   S. 
Ill 

0 
S    ^ 
EL     2, 

.£   bf 

2 a 
M y t/; »—< 
U, »i- ^* 
CO CO r^ 
CO X 

< < u, 

u U —-. 
Z y. —' 
D u 

n 

Z 

•- CO    * 
2 -f ■ S   2 

C'-'S V. ~ ~ 

u^ -c   u ^ 
C     —    Uw 

*; .s - M - 

-  .__  c c  " 

5 i  I  -  c 

H   ;   c   ? "5 



/ .-      s:  ■-■ 

< i^. 111 

;?'. 
•-j « 

t < 
i                 Ü, f-. 

0 \n y. 

u ''■ »*-) 
CQ  k:- >-, 
t/j r" / <j <- 

--, S^ 
< w K 

V. 5 L.; 
t-. 

y: ~ k, i- 
i 0 IU 

O ;.; 

^ ^ 

-       ü.'l   ,:^   f-       "r       t' 

r.      ^ 
x.     .i. 

.-: t: r; 

,   y 

07 

/ '• 



if) 

-r' 

."   tf 

a W 

t. U-, 
X V- (/) :A 
< < 
u—1 —I 
u w 

/; 
/    - 

-; 

i5 ^ _s   6 4 i -? _5   ? — 

•-   S   s 

C IS ft.   O ~3   g 

^ 

T) 

1 'z; 
,-' 

C^-^ 
^J   - 

C3 .r. 
■y 

«5 
c 1H 

Ü 
k- 

> 

— ^j Q rt   c 
-i-j 

G j^ c "   o 
0 ^ _2 ^ o £j 

^3 MM i* ti 

^   ^ 
s i 

*j   t- 

C - ? U-      3 '/; ■^   ^  ~ 

0    J  -' C  -j "   c   *■ 

^   ^ '-" c ^J    ü   ■*- 
C»               ,-= br. c 

C  "—   "t- fl   ^ — ^  ~  — 
■7 

^    "    ." 
73     '■■   .£ —    v: c v            1 

o 

— 

•ä ^ ■?. "5 CJ  i  y 

Q 
w 

u 2 

2 ^> 
U ^ 
E (r- 

x VJ 

u-. in 
< < 
—' .— 
u U 
2 X 
D LJ 

D 

< 

X 

c -5 b i ; 
-^ J: 

CU^      X 

x    -    •*'   .i, 
5 ^ ■£; t 

10 u ^   HJ '", -   0- 

C 

u. 
•—    u, 

■5 C3    c 

i_ C    « 



TABLE OF DISTRIBUTION 

1.    Commanding General 
U, S, Army Munitions Command 
Dover,  New Jersey 
ATTN:   AMSMU-A 

Copy Number 

Z.    Commanding Officer 
Picatinny Arsenal 
Dover, New Jersey 
ATTN:   SMUPA-VA6 

SMUPA-DX1 
SMUPA-DR4 
SMUPA-DR6 
SMUPA-DE2 
SMUPA-DR5 
SMUPA-DS1 
SMUPA-NR2 
SMUPA-DW7 

2-6 
7-8 
9-18 

19-20 
21-22 
23-24 
25-26 
27-28 
29-30 

3.    Defense DocumeLitation Center 
Cameron Station 
Alexandria,  Virginia 31-50 

4.    Commander 
Naval Ordnance Laboratory- 
White Oak,  Silver Spring 
Maryland 
ATTN:   Library 

V, J, Menichelli,   3- 115 
Howard Leopold,   30-118 

51 
52 
53 

5. Commanding Officer 
Harry Diamond Laboratories 
Washington 25,   D,  C. 
ATTN:    Technical Reference Section 

Milton Lipnick 

6. Commanding Officer 
U, S, Naval Ordnance Laboratory 
Corona,   California 
ATTN:    Library 

Wilson A.   Flartey,   code 551 

54-55 
56 

57 

58 

■27- 



TABl^E OF DISTRIBUTION (con'd) 

Copy Number 

7. Commanding Officer 
Frankford Arsenal 
Philadelphia 37.  Pennsylvania 
ATTN:    Library 59-60 

8. Commander 
Naval Ordnance Test Station 
China Lake,  California 
ATTN:    Library 61-62 

David A.  Calpitts,   code 4542 63 

9. Commanding Officer 
Naval Ordnance Plant 
Macon, Georgia 
ATTN:   Library 64-65 

Phillip F. Powell, PD208 66 

10. AFMTC 
Patrick Air Force Base,  Florida 
MTORS-3 
ATTN:   Library 67-68 

Mr. Fewell 69 

11. DET 4 ASD 
Eglin Air Force Base,  Florida 
ATTN:   ASQWR Carl Kyselka 70 

Library 71-72 

■28- 


